developed considerably in recent years (4, 5) , so-called selection and omitted-variable bias make causal inference based on such data difficult indeed (6) .
Salganik et al. (2) circumvent many of these problems by using experimental rather than observational data. They created a Webbased world where more than 14,000 individuals listened to previously unknown songs, rated them, and freely downloaded them if they so desired. Subjects were randomly assigned to different groups. Individuals in only some groups were informed about how many times others in their group had downloaded each song. The experiment assessed whether this social influence had any effects on the songs the individuals seemed to prefer.
As expected, the authors found that individuals' music preferences were altered when they were exposed to information about the preferences of others. Furthermore, and more importantly, they found that the extent of social influence had important consequences for the collective outcomes that emerged. The greater the social influence, the more unequal and unpredictable the collective outcomes became. Popular songs became more popular and unpopular songs became less popular when individuals influenced one another, and it became more difficult to predict which songs were to emerge as the most popular ones the more the individuals influenced one another.
It is important to note that these results refer to a situation in which individuals were randomly assigned to different groups and all individuals evaluated exactly the same set of alternatives. Nevertheless, when individuals influenced one another, identical populations that started from identical initial conditions each reached different final states. These findings are of considerable sociological importance. They offer persuasive evidence in support of one of the core ideas of sociology; namely, that the structure of social action-that is, the pattern and strength of social influence-in and of itself is of considerable importance for explaining the social phenomena we observe.
The Salganik et al. study also makes an important methodological contribution by showing how the Web can be used for conducting large-scale experiments. Experimental sociology typically is conducted in traditional lab settings and the focus is on small-group processes. Moving beyond the small group poses enormous logistic difficulties. To study multiple realizations of a collective social process requires thousands of participants. Experimental methods therefore have been thought to be of interest mainly to social psychologists. Salganik et al. show how the technology of the Internet can be used for overcoming these restrictions. They show that experimental macrosociology that takes into account all the three micro-macro relationships that Coleman discussed are indeed possible. They also demonstrate the importance of explicitly taking social influences into account when modeling micro-macro linkages. These are major contributions to the discipline at large.
As Salganik et al. show, social processes are highly path-dependent because what others have done in the past influence what we do in the present. Their study surely will influence others to use similar methodologies, but only time can tell whether this type of approach will be a "best seller" within the discipline. Social processes like these always are unpredictable.
PERSPECTIVES
O bserving astrophysical magnetic fields is difficult. Nonetheless, fields of surprisingly consistent amplitudes on the order of microgauss have been discovered in many galaxies and clusters of galaxies (1) . So far, the generation of these fields has remained a mystery. For a long time, scientists tried to conceive of a mechanism by which tiny primordial fields would be created in the early universe (2) . Later, during gravitational collapse, such fields could be amplified-for example, by means of a dynamo mechanism-and thereby lead to the observed fields in galaxies and clusters. Even if the seed fields needed for dynamo amplification were as small as 10 -25 G or smaller, these primordial seed fields have been shown to be severely constrained by the gravity wave background that they induce (3, 4) . As Ichiki et al. report on page 827 of this issue (5), there is another possibility. They show that second-order cosmological perturbations necessarily generate magnetic fields that are of the right order to be amplified by the dynamo mechanism into the currently observed fields in galaxies and clusters. This is a very exciting proposal. It implies that tiny magnetic fields on the order of 10 -22 G are present even in intergalactic space (see the figure) . Furthermore, the clustering properties of magnetic fields carry an imprint of the primordial fluctuation spectrum from inflation (6) . If true, magnetic fields might come to play a very important role in cosmology, comparable to the cosmic microwave background (CMB) anisotropies. In analyzing these fields, we might learn about the physics of inflation that occurs at very high energies, probably about 10 orders of magnitude higher than the energy that will be reached at the Large Hadron Collider, the world's largest particle accelerator now under construction at CERN in Geneva.
During ordinary inflation, a period where the temperature may reach T ≈ 10 14 GeV (7), no magnetic fields are generated, because electromagnetism cannot be induced by the expansion of the universe. Only when introducing additional quantum fields can one generate magnetic fields during inflation (2) . On the other hand, at the electroweak phase transition, which takes place at a temperature of T ew~ 200 GeV, where the electromagnetic and weak nuclear forces separate, magnetic fields can be generated and their amplitude might be correlated to the baryon number produced during the transition. Within the standard model, both mechanisms, the production of baryons and of magnetic fields, are too inefficient to explain the observations, but in slightly generalized (e.g., supersymmetric) versions, the production of sufficient seed fields might be possible (2) .
The most problematic aspect of such primordial scenarios is, however, that the galactic scales we are interested in are far larger than the Hubble scale (8) at the time of magnetic field generation. This leads to very substantial generation of gravitational waves during horizon crossing (9) . This is in conflict with the helium abundance in the universe, which requires that at the time of nucleosynthesis, when T~ 0.1 MeV, the gravity wave contribution to the energy density of the universe must have been less than about 10%.
The origin of the magnetic fields seen throughout the cosmos has been puzzling. New calculations show that the density fluctuations in the early universe can produce fields of the right amplitude. This limit is severely violated by nearly all of the proposed models, because the gravity wave energy density usually has a very blue spectrum (10) . In order to obtain sufficient magnetic field amplitudes on large scales, the models violate the constraints required by nucleosynthesis on small scales (3, 4) .
The problem mentioned above is entirely absent if magnetic fields are generated by second-order effects because they become relevant much later, around recombination at T rec~ 3000 K ~ 0.3 eV. Furthermore, second-order effects are certainly present, so that these magnetic fields will be produced under all circumstances.
To first order in perturbation theory, the velocity fields of electrons and protons, which form a perfectly coupled fluid, are equal, and hence no currents and vorticity are generated (11, 12) . Furthermore, the magnetic field does not couple to the background geometry. Currents are generated and geometric effects come in only if second-order effects are included. In previous papers, isolated effects such as the amplification of magnetic fields by gravity waves (13) and the amplification of gravity waves by the magnetic field energy (3, 4) have been studied. But it was always clear that these effects are not the only ones and that they interact with each other and with other second-order effects. However, the fully relativistic general second-order equations for the Einstein-Maxwell system in cosmology and a systematic discussion of all the possible effects are still missing.
Ichiki et al. argue (5, 14) that magnetic fields are produced mainly by the difference in the electron and photon velocities and by the coupling of the electron velocity to photon anisotropic stresses. They compute these magnetic fields and obtain B rec~ 10 -16.5 G after recombination. Subsequently, the number of magnetic flux lines passing through a given surface remains constant. Hence, if distances in the universe expand by a factor (z + 1), where z is the redshift, the magnetic field is reduced by a factor 1/(z + 1) 2 . With z rec~ 1000, this gives B 0~ 10 -22.5 G, where the index 0 indicates the present value. When the plasma collapses into galaxies, electrons and protons drag the magnetic flux lines with them and enhance the magnetic fields by an additional factor of B gal ≈ (ρ gal /ρ 0 ) 2/3 B 0 ≈ 10 3 B 0 , where ρ gal is the mass density in a galaxy and ρ 0 is the present mean density. Subsequent amplification by the dynamo effect could easily lead to the observed magnetic fields in galaxies.
In their report in this issue, Ichiki et al. (5) argue that second-order perturbation can induce magnetic fields of the right amplitude for the observed fields in galaxies and clusters. This idea-which is certainly correct, at least in principle-is beautiful because it ties together cosmic magnetic fields with CMB anisotropies, weak lensing, and cosmic largescale structure. If the effects proposed by Ichiki et al. are really the dominant ones, and if they are as large as those obtained here (this is still a matter of debate), the magnetic seed field spectrum can be calculated easily and may lead to a new cosmological observable. This prospect is exciting, but detailed calculations are now required to check that no additional important second-order effect has been overlooked.
